This paper describes an analysis result for the extraction and elevation measurement of the gravel bar as micro-topographical feature by ALOS data for the purpose of the restoration of the past water area in the Old Juyan Lake located in the lower reaches of the Heihe of northern China. Extraction and elevation measurement of about 20 gravel bars distributed from 900 m by 926 m in study area were carried out by newly created DSM and ALOS pan-sharpened image. The verification of validity of the elevation and age identification of gravel bars was performed by field survey measurements. Moreover, presumption of the Old Juyan Lake and reconstruction of their change for past about 7400 years were carried out. Finally, the influence of climate change and human activities to the change was discussed.
Introduction
Authors are investigating wide-range environmental fluctuation in the middle latitude zone of Central Asia through the change analysis of closed lakes without the outflow river based on plural satellite data with the field survey information. Especially, restoration of the long-term environmental fluctuation accompanying climate change is being performed by analyzing the past water area and its change of closed lake. The final purpose of our study is to clarify the feature of the present climate change by comparing the change situation for last several decade with the long-term one.
The marks of past high-water level in the humid climate period compared with the present one can be grasped through the analysis of the distribution of micro-topography such as gravel bar and trace along the shoreline of closed lake. Therefore, since the age and the lake volume in the high-water level can be grasped if the age of this micro-topographical feature sediment is measured, investigation of the change in the past period of closed lake is possible. However, since detection of the micro-topography is difficult in application of the general opened existing DEM, it is possible by generation and its analysis of high precision DSM based on a high resolution stereo pair satellite imagery.
1)
The study area in this study is the Old Juyan Lake of closed lake and its vicinity located in the lower reaches of the Heihe of northern China in the Asian middle latitude zone. High spatial resolution and highly precise DSM were firstly produced from the high resolution ALOS/PRISM stereo pair images by an improved original algorithm 1) in the north-side area of the Old Juyan Lake showing the gravel bar as micro-topography. Next, extraction of plural gravel bars as micro-topography which was difficult in the existing DEM was carried out through the integrated analysis of the high spatial resolution pan-sharpened image data combined from ALOS/AVNIR-2 and PRISM data with the PRISM DSM data. Furthermore, verification of the elevation and the time correlation of each extracted gravel bar as the old lake shore lines were performed by comparison with the results of elevation measurement and the dating of its sediment. Finally, the restoration of the water area and volume at the past high-water level of the Old Juyan Lake dried now was tried based on the integrated analysis of these results with the existing DEM and LANDSAT data.
Study Area and Gravel Bar
The Old Juyan Lake of the object closed lake was located in the end region of Heihe which flows from the Qi'n Ling Mountains in western Inner Mongolia in China. Although the vast water area of the Old Juyan Lake spread out until about 1700 years before, Tien-e-hu only remains slightly now, because of the greater part of the water area dried up by stream change and activation of farming in the Heihe lower stream. (Fig.1) Although many closed lakes which have different size of water area are distributed over arid and semi-arid land in Central Asia, they are showing each fluctuation. Especially authors have been investigating the relationship between the analysis result of the past water level change and climate change or human activities based on DSM creation in the Aral Sea and Balkhash Lake as closed lakes. [1] [2] [3] Since the Aral Sea and Balkhash Lake had the vast water area, the distribution of micro-topographical features which described the past water level was restricted. However, many gravel bars showing the past water level as shown in Fig.2 are distributed over the slope from the altitude of about 900 m to 927 m on the north side of the Tien-e-hu. 4, 5) According to the field survey, the width of the large-scale gravel bar (w of Fig. 2 ) in this region exceeds 10 m, but most of relative height (h of Fig. 2) shows less than 1 m. 4, 5) However, the size of each mesh of the existing SRTM, GDEM, and ALOS DEM data is from about 30 m to 90 m. Since this is not necessarily enough for detailed extraction and elevation measurement of gravel bars in this area in the point of spatial resolution, it needs still more detailed DEM generation for the investigation of this study. 
Analysis Procedure
3.1. Used data ALOS PRISM and AVNIR-2 data on November 19, 2007 were used for the gravel bar extraction and the detailed DSM production in this analysis. The ALOS has two optical sensors which are the Advanced Visible and Near Infrared Radiometer type 2 (AVNIR-2) observing multi-spectral data with 10m spatial resolution and the Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) observing triple angle panchromatic data with 2.5m spatial resolution. A PRISM stereo pair level 1B2 data for DSM production, and AVNIR-2 and PRISM nadir view data for the pan sharpen image creation were used respectively. 7, 8) On the other hand, SRTM (The Shuttle Rader Topography Mission)-1 data released from USGS and the LANDSAT-7/ETM+ data observed on September 12, 2006 were used for water area restoration of the Old Juyan Lake. Here, the used ETM+ data is the Scan Line Corrector (SLC) -off gap-filled product which can be obtained from the web site of Earth Science Interface (ESDI) at the Global Land Cover Facility (GLCF) in University of Maryland. 9) Several times of field survey was also conducted since August, 2002 for the gravel bar investigation and sampling of the sediments.
Methodology
The flow of this whole study is as shown in Fig. 3 . Extraction and digitizing of plural gravel bars firstly were carried out using the 2.5 m spatial resolution color composite (pan-sharpened) data (Fig. 4) derived from ALOS/AVNIR-2 and PRISM nadir images in the small rectangle area of the lower image of Fig. 1 . 2.5m mesh size DSM with the 1 m height accuracy as shown in Fig. 5 was also newly produced by our development algorithm using ALOS/PRISM stereo pair data. According to the PRISM stereo pair sensor views angle, detection accuracy of relative height to each parallax difference between the corresponding pixels is 2.52m in case of the pair image of forward and backward views, and 5.05m in case of the pair image of backward and nadir views respectively. [10] [11] [12] [13] [14] Therefore, each PRISM data with 2.5m spatial resolution was converted to the re-sampled data with 0.5m/pixel through the cubic convolution method in the geometric correction processing for detection of about 1 m relative height. Here, in order to reduce the matching processing time of the image window containing the target and its neighborhood pixels between 0.5m spatial resolution stereo pair images, two steps processing was applied. That is, 10m mesh DSM was firstly generated with 1m relative height accuracy, and referring to the DSM, 2.5m mesh DSM was generated by image matching processing in the narrower search area. The details of this algorithm and the evaluation result were already reported. [1] [2] [3] Subsequently, gravel bar distribution was extracted and described as digital data through the image interpretation on ALOS pan sharpened data and digitizing. Then, based on the comparative analysis of the digitizing data and DSM data, the elevation and the characteristic of each gravel bar were investigated.
Finally, fluctuation in the water area and volume of the Old Juyan Lake for a long period were investigated through integrated analysis of the above-mentioned change situation with the existing SRTM data and LANDSAT/ETM+ data. Moreover, with reference to the dating result of the sediment taken by the field survey, the investigation and the argument of the change tendency of the water area and its relation with climate change were carried out. 
Analysis Result and Discussion

Investigation of gravel bar distribution
The gravel bar can be interpreted in the ALOS pan-sharpened image of Fig. 5 as several bow-shaped patterns. About 20 gravel bars were extracted from about 926 m to 900 m over the slope by image data analysis. They were described by plural lines as shown in Fig. 6 through the digitizing process. The elevation measurement result of each gravel bar on the slope of the north side of the Old Juyan Lake obtained by the integrated analysis of the gravel bar extraction image and PRISM/DSM data is shown in Fig.7 . Although most of gravel bars showed the exact elevation corresponding to the field survey measurement result, the clear extraction and measurement were difficult in a few bars over low altitude area. 4, 5) It was presumed that this reason depends on the influence of the artificial change such as the road building in the low altitude area.
Estimation of former water area and volume
Since the Old Juyan Lake was a closed lake, it's considered that the region below each gravel bar elevation detected by PRISM/DSM analysis was the water area of past lake corresponding to the age. Then, the image domain below each elevation was extracted as the past water area using the existing DEM. Here, SRTM-1 data of 30m per each mesh as the existing DEM was applied to this analysis, because the Old Juyan Lake region was wider than the PRISM observation area. Figure 8 shows the relation between the elevation of each gravel bar and the corresponding water area of the Old Juyan Lake which was analyzed using SRTM-1 data. According to the relation between this water level and area, the tendency of remarkable water area reduction in lower water level to the change in higher water level was shown.
Next, based on the extraction result of water area of the Old Juyan Lake, the lake volume in each water level was computed with reference to SRTM-1 data. Figure 8 shows the relation between each gravel bar elevation and its corresponding water volume. Although the relation in this figure shows the similar tendency with the relation of the water area, the more remarkable decrease tendency of lake volume is indicated in the lower water level. As this reason, it can be considered that the water area and lake volume in the high water level were reflecting the influence of the more gradual topographical feature over lake bottom in the Old Juyan Lake to them in low water level. The influence of the sand dune distribution formed around the water area in the period of low water level is also presumed. 4, 5) Furthermore, the restoration analysis of the water area corresponding to the water level of each extracted gravel bar in the Old Juyan Lake was tried. A LANDSAT/ETM+ image covering about 90 km from east to west and about 115 km from north to south of the Old Juyan lake and its surrounding area in 2006 when the water area dried up is shown in Fig.10 . The pseudo color image describing the water area change of 20 periods from the highest water level (about 926 m) to the minimum water level (about 903 m) on this LANDSAT data is shown in Fig.11 . It was indicated that the water area reduction in the low water level period is also remarkable in this image.
Reconstruction of change in the Old Juyan Lake
The comparison between results of the gravel bar extraction and elevation measurement by this analysis of satellite data, elevation measurement by field survey, and the estimated age by the radiocarbon dating for the sediment obtained from each gravel bar is shown in Table 1 . In this comparison, 18 of the 20 gravel bars indicated the almost equal elevation between satellite data analysis result and field survey measurement. Moreover, estimated ages from 1700 cal. year BP to 7400 cal. year BP of 13 gravel bars among these 18 ones were obtained by dating analysis. Figure 12 describes the water area distribution in these ages, and figure 13 shows the relation between estimated age and lake volume change. This figure shows the increase tendency of lake volume from 7400 to 3000 cal. year BP, two peaks of the volume at 3000 and 2000 cal. year BP, and the progression of rapid drying after 2000 cal. year BP. Particularly, it was shown that the Old Juyan Lake dries up by remarkable decrease of the lake volume after about 1700 cal. year BP, and this situation continues to the present. Although it is considered that the increase in lake volume to 3000 cal. year BP is based on the climate change, it is presumed that the lake volume decrease after 2000 cal. year BP is based on the influence of both climate change and human activities. 
Conclusion
This study aimed at reconstructing change in water area and lake volume based on extraction and its elevation measurement of plural gravel bars over the north-side slope of the Old Juyan Lake by using 2.5m pan sharpened image and DSM data derived from ALOS/AVNIR-2 and PRISM stereo pair data. The conclusion of this study is summarized as follows.
-Extraction and elevation measurement of about 20 gravel bars distributed from 900 m by 926 m on the north slope of the Old Juyan Lake were carried out in detail by newly created DSM and ALOS pan-sharpened image.
-The verification of validity of the elevation measurement result of gravel bars and each age identification by this study were performed through the comparison with the elevation measurements and the dating of the sampling sediment by field survey. -Presumption of the water area and lake volume of the Old Juyan Lake for past about 7400 years and the reconstruction of their change were carried out. Then, the possibility of the influence of climate change and human activities to the change was presumed. 
